INTRODUCTION

The assessment of the conditions of the equipment installed in any network is of paramount importance to reach the target objective of the quality of the supply. Usually, the conditions assessment is achieved by the measurement of some quantities linked to some ageing phenomena, the measurements can be carried out both during service or out of service conditions. This technique is normally applied to the most important equipment such as large power transformer due mainly to the complexity and the cost of the of the monitoring systems. Thank to the new technology, nowadays it is possible develop reliable monitor systems to be installed also in important but low cost equipment. The paper reports the description of a system developed to monitor transformers in MV/LV substations, together with the results obtained in the first months of activity.
OBJECTIVES OF THE PROJECT
One of the possible critical points in a MV networks is the transformer, in fact failures of MV/LV transformers could be troblesome due to both time and repair costs and because of the long unavailability of electric energy for a large number of clients; in fact, typically, the client can not be supplied by different way. One of the possible cause of the failure could be the not proper use of this important equipment, mainly during the period of the year when loads and the environmental conditions are very demanding. The project described in the present paper had two objectives: from one side to develop a simple and cheap system able to identify the loading conditions leading to an accelerated ageing and to dangerous situations, from the other to find a simple and effective way to manage correctly the big amount of the acquired data and address only few information (alarm) to the concerned people. The project was developed in co-operation between ENEL Distribuzione and CESI and consisted in the realisation of three prototypes and their trial use for six months. Figure 1 shows the architectural scheme of the monitoring system. The complete system includes several peripheral units (one for each monitored MV/LV cabin) and one central unit. The peripheral units perform the measurements process the results and send the derived information to the central units using Short Message Service (SMS) through GSM MODEMs. 
DESCRIPTION OF MONITORING SYSTEM Architecture
Peripheral Unit
The assessment of the condition leading to a accelerated ageing of the transformers is carried out by the measurement of the secondary currents and the top oil and ambient temperatures, using the sensors listed in Table 1 The measured quantities are analog to digital converted and processed in order to derive possible conditions giving rise to alarms on temperature and currents. Alarms are derived on the base of threshold values and logic operators defined from the Central Unit. The main functions of the Peripheral Unit can be summarized as, see Figure 5 : self diagnose and measure validation measures acquisition: analog to digital conversion and engineering unit value transformation threshold control and alarm generation communication management via GSM modem, using SMS. Installation operations can be done during the normal service and are very easy and quick. Metal box containing all electronic devices for measurements acquisition and data communication has small dimensions and weight and it is fixed to the substation wall. Oil temperature sensor is connected to top side of the transformer using appropriate coupling; current sensors are small and light and no mechanical part is necessary to fix them, see Figure 2 , power supply is derived by the 220V ac network always present in the substation.
Measurememts and data processing
The Peripheral Unit performs temperature and currents measurements every second approximately, being the measurement ranges between-20°C to 250°C and 0A and 1000A for temperatures and currents, respectively. The acquired data are processed to derive two different classes of information: those useful for a better use of the substation and those useful to correct possible dangerous situations that are subdivided, in turn, into two other classes those requiring an immediate fixing operation and those identifying situation accelerating the ageing process. The processed data are sent to a Central Unit with a pre-set frequency of transmission settable between 10 min. and 1 hour. Figure 7 reports a typical variation of the three currents together with the value of the maximum unbalance S on a daily base; the measured values are processed every 10 min. The figure shows two current peaks, the most important (500 A) between 3 and 6 p.m. and the other (300 A) around midday; similar behaviour can be noted during the week end but with lower current values (peak 400 A on Sunday). The information reported in Figure 7 can be typically used for a better management of the network allowing to elaborate statistic observations on the base of single day, weeks and months observation, related to customers needs (sometimes changing according to the seasons). The use of the average current is sufficient when dealing with load management, see Figure 8 . Figure 9 reports the same data of Figure 8 , where the mean current was measured every 10 minutes, with a measurement interval of one hour, non basic variations are shown. In case of important differences between the distribution of the load among the phases (S value), the representation reported in Figure 7 is not sufficient to derive the neccesary information to correct the situation; in fact S values are relevant to the measuring instant; to evaluate if the load distribution among the phases needs to be changed a "mean" value of the S values is more suited. At the purpose, an additional value is calculated, multiplying the current value for time interval between the present measurement and the previous one. This value is added to a cumulative sum (CIn), from 0:00 to 24:00 hours of each day, according o the formula:
C C I I R R E E D D
being the result a mean daily cumulative integral of this current. In addition to the integration for 24 hours, the integral values can be calculated for time intervals settable from 10 minutes to 24 hours. The comparison of the integral values of the 3 phases gives useful information for the load distribution analysis. Figure 10 shows the integral; in the example good load distribution is shown. In any case a unbalanced current between phases 1 and 2 and relevant to the time interval T 2 -T 1 can be easily calculated by the formula: Figure 12 shows the trend of the temperature gradient T g (between top oil transformer and ambient temperature (blue line)) and ambient temperature (red line), in a short time interval of about four days. Figure 13 shows the variation of the load current (red) and the difference between top oil and T g (blue). Figure 12 and Figure 13 confirm that the transformer temperature rise is mainly due to the load current (red curve leading blue curve in Figure 13 ) and that the ambient temperature is mainly influenced by the transformer temperature (blue curve leading red curve in Figure 12 ). The information relevant to the temperatures and displayed as reported in Figure 11 to Figure 13 are typically suited for a better management of the network asset, requiring an analysis performed by a skilled operator. For example if one adds the measurement of the ambient temperature outside the substation is possible to deduce the efficiency of the ventilation system of the station itself and design modification in case of need. In addition, a careful analysis of the data reported in Figure 13 with special concern on the delay time between the two curves and on values of temperature difference with regard to load current, can allow to single out unusual performances of the transformer.
In addition, the acquired data are processed in a different way for the generation of possible alarm signal for temperatures, currents and unbalanced situation among the three phases load. The alarm threshold are defined in the form "greater than", with threshold values sent by the Central Unit. 
Data collecting
The exchange of data between peripherals and Central Unit was realised taking into account the different meaning and use of the measured data: those useful for a better use of the network and those requiring an immediate action. For the data useful for a better use of the network, a transmission from peripherals to the Central Units a fixed time interval was selected. The time interval is settable in a wide range from 10 min. to 24 hours. At the set time Central Units sends a SMS to all the peripherals; when a Peripheral Unit receives a request from the Central Unit, it replies with a message containing the last values measured (temperatures, currents) and calculated (average current, unbalanced, current integrals). Typically, the time interval is set to 1 hour that was demonstrated to be sufficient to obtain detailed data about, for instance, currents evolution during the day; in case of well settled network situation periodic request less frequent is sufficient.
On the contrary alarm signals are sent by peripheral units to Central Unit whenever the recorded data meet the alarm threshold, independently of the request of interrogation by Central Unit.
COMMENT AND FUTURE DEVELOPMENT
The analysis of the results allows to derive some general remarks: the system developed reaches the target from a technical point of view and its use in large scale can be very effective in decreasing the number of outages. the number of the information derived by the measurement is very high and the presentation in term of graph is very useful for research/design purposes to correct situations potentially dangerous the use of alarm signals sent from peripherals to Central Unit is more effective. On the base of the above consideration ENEL Distribuzione has decided to ask CESI to develop the final design of the system to be installed in a large number of cabins taking into account the following aspects:
The cost of the system shall be quite low The reliability of the system shall be higher that the reliability of the equipment to be protected Alarm signal shall not be sent to the Central Unit but directly to the right team able to correct the problems. With this in mind priority and correct hierarchy shall be defined, for example the alarm correlated to a not optimised load distribution among the phases such as ambient temperature too high that can be corrected not urgently shall be sent to a team, while an alarm correlated to a transformer load much higher than the nominal or a top oil temperature much higher than the limit shall be sent to a group of people able to operate 24 hours a day. the design shall also rationalise the sensor used and the transmission channels trying to use whenever possible what is already present in the cabins. Moreover, the system shall include an additional channel for the measurement of MV cable PD activity. PD measurement shall be very simple and aimed to monitor the trend and to trigger alarm when more accurate measurement and analysis are necessary. The final specification of the prototype of the optimised system shall be ready before the end of 2005.
